The heating load coefficients were measured using a practical plastic greenhouse in 1974 and 1975. In the first year a fuel capacity of 89,000 kcal/hr for heating was used. A large variation of measured values appeared. However, the heating load coefficient can be expressed statistically by equation (3). In the next year a capacity of 26,400 kcal/hr was used to accurately determine the heating load coefficient. It was of insufficient capacity so that the inside temperature dropped slightly below the design temperature. The results were that the variation of each measured point increased over that of the test in the first year.
When U is known, it is relatively easy to calculate the total heat loss. Therefore, it is important to accurately determine the heating load coefficient U. Generally, U is given by an equation
where a and b are empirical constants and V is wind velocity. The author tried to determine the constants a and b by using a practical plastic greenhouse. The heating installations were of an air heating type, which were controlled by an on-off thermostat. A different fuel capacity was used each of the two years. In 1974 the capacity was 89,000 kcal/hr and in 1975 it was 26,400kcal/hr. Temperature, inside and outside, was measured with a recording electrical resistance thermometer. In addition five and ten thermocouples respectively in 1974 and in 1975 were used to measure the difference between inside and outside temperatures. The data of temperature were integrated for one hour and the hourly mean temperature was then calculated from the integrated data. The difference between inside and outside temperatures and the data from the resistance thermometer and five or ten thermocouples were averaged and used for calculating the heating load coefficient.
Total heat supplied to the plastic greenhouse was calculated from the fuel consumption by the heater minus the heat loss through the ventpipe. Wind velocity was measured at a height of 4 meters above ground. According to Fig. 3 , the variation of each measured point increased over that in the previous measurement so that the error in the calculations of the total heat supplied and the residual heat in the heater do not appear to have caused the wide variation illustrated in Fig. 2 .
For investigating the cause of the variation of U the model tests were performed.
3. Measurement of the overall heat-transfer coefficient using model (6), (7), (8) and (9), U can be expressed as equation (2) .
In the following experiments the overall heattransfer coefficient which greatly affects the heating load coefficient was investigated. This fact suggests that the overall heat-transfer for the plastic film may not be expressed as equation (7).
The overall heat-transfer is composed of two parts of heat-transfer, that is, the convective heattransfer and the radiative heat-transfer. The convective part including the conductive transfer in the film can be expressed as a function of temperature difference ti-to as in equation (7) , but the radiative heat-transfer is a function of surface temperature and radiation from the atmosphere. Consequently, if the value of the convective heat-transfer is very large in comparison with the value of the radiative heat-transfer, the overall heat-transfer can then be accurately calculated by equation (7) . If the value of the radiative heat-transfer is larger than the value of the convective heat-transfer, the result calculated using equation (7) will be inadequate. So, the author investigated the relationship between hm and the ratio of the convective part to the radiative part.
The value of the convective part was calculated by the following equation
The radiative heat-transfer was calculated from the data of the radiometer and equation (13) of the heat budget under the assumption that there was no heat-transfer due to ventilation.
where Hr is the radiative heat-transfer.
The results are shown in Fig. 6 , in which the abscissa is the ratio of the convective to the radiative heat-transfer. increases as the proportion of radiative heattransfer increases in the overall heat-transfer, that is, decrease in the ratio Hc/Hr. On the contrary, when the convective heat-transfer has the larger value in the overall heat-transfer, hm approaches a constant value. It is considered that the variations in Fig. 5 are caused by the large values of the radiative heat-transfer compared with those of the convective heat-transfer. Then, experiments were performed using two boxes. One was maintained at a constant inside temperature. The other one was operated with a constant electric current in the heater by means of a controller. In the latter box, the inside temperature changed with the outside temperature. With the constant current the values of hm varied to a much greater degree than those in the box at a constant temperature. This was because the inside temperature in the latter decreased with the falling outside temperature and the difference between the inside and outside temperatures became small. Then, there was a relative increase in the radiative heat-transfer in comparison with the convective heat-transfer and the large values of hm appeared. This is a likely reason that the variations in experiments in 1975 were larger than those in 1974.
Furthermore, experiments with the boxes covered with polyethylene (p.e.) film with 71% transmittance of long-wave radiation, silver p.v.c. film with 0% transmittance (Hagiwara and Horiguchi 1972) and glass with about 7% transmittance (Hanson 1963) were performed in April, May and June of 1976 and 1977. According to the results (see Fig. 7 ) each measured point fell on a curve in spite of the different properties of materials. The ratio Hc/Hr varied from 0.1 to 1.0 and many measured points concentrated in the range of 0.4 to 0.7. This illustrates the fact that the relation between hm and the ratio is not affected by the conductivity and the transmittance of long-wave radiation of a thin material used. And, there are many cases when hm is not constant.
Computations of hm using simulated values of wind velocity 1.0 m/s, radiative heat-transfer 0.01- The surface temperature of a roof and wall made with thin materials, e.g., plastic film and glass, is greatly affected by inside temperature. When the inside temperature becomes high, the radiative component of heat-transfer is large and the heating load coefficient is likely to increase to a considerable degree. We must remember that equations (1) and (7) can be adequate only in the case of a large value of the convective heat-transfer in comparison with the radiative heat-transfer.
